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Plasma homocysteine concentration predicts mortality in non-insulin- shown that mortality is related to several factors that
dependent diabetic patients with and without albuminuria. are potentially modifiable or preventable, such as pre-
Background. A high plasma total homocysteine (tHcy) concentra-
existing coronary heart disease (CHD), presence of mi-tion is a risk factor for cardiovascular disease in the nondiabetic popula-
tion and in nondiabetic patients with end-stage renal disease. croalbuminuria and macroalbuminuria, glycemic con-
Methods. We prospectively evaluated the impact of tHcy concentrations trol, and systolic blood pressure (BP) [1].
on mortality in 211 white non-insulin-dependent diabetic (NIDDM)
A high plasma or serum level of total homocysteinepatients of less than 70 years of age at entry (61 with microalbuminuria
and 44 with macroalbuminuria). They were followed for a median of (tHcy) is a risk factor for atherothrombotic disease [2, 3]
6.4 (range 0.2 to 7.1) years. that has recently come under increased scrutiny [4–8].
Results. At the end of the follow-up period, 49 of 211 (23%) patients
High tHcy concentrations can be lowered with folic acidhad died, 30 (61%) from cardiovascular disease. Univariate Cox sur-
vival analysis revealed that baseline tHcy level (1 mmol/liter) was supplementation [9]. A recent population-based study
associated with an increased all-cause mortality risk of 1.11 [95% con- showed that the association between hyperhomocys-
fidence interval (CI) 1.08 to 1.15, P , 0.0001], and a cardiovascular
teinemia and atherosclerotic vascular disease was espe-mortality risk of 1.09 (CI 1.03 to 1.16, P , 0.01). The six-year cumulative
all-cause mortality hazard was 44%, 14%, and 15% in the high (tHcy $ cially strong in patients with NIDDM as compared with
8.2 mmol/liter), the middle (tHcy 6.2–8.1 mmol/liter), and the low (tHcy # nondiabetic subjects [10]. In addition, hyperhomocys-
6.1 mmol/liter) tertile of tHcy levels, respectively (P , 0.001 high vs.
teinemia is extremely common among patients with mod-middle; P , 0.001 high vs. low; and P 5 0.88 middle vs. low). Cox
proportional hazards regression analysis revealed significant predictors erate to severe renal failure (glomerular filtration rate
of all-cause mortality to be tHcy level (per 1 mmol/liter), relative risk of less than 50 to 60 ml/min) [9, 11], and there is recent
1.09 (1.03 to 1.14); pre-existing coronary heart disease (yes vs. no),
evidence that hyperhomocysteinemia confers an increasedrelative risk 1.98 (1.09 to 3.61); log10 albumin excretion rate (AER;
factor 10), relative risk 1.89 (1.31 to 2.74); and age (per 1 year), relative risk of incident cardiovascular disease in patients with
risk 1.08 (1.03 to 1.13). Predictors of cardiovascular mortality were end-stage renal failure [12, 13] or severely impaired renal
pre-existing coronary heart disease, log10 AER, and age. tHcy level function [14]. There are no prospective data, however,did not predict cardiovascular mortality independently of these risk
factors. on the impact of hyperhomocysteinemia on mortality
Conclusion. Plasma tHcy concentration is a significant predictor of that specifically focused on NIDDM patients with and
mortality in NIDDM patients with or without albuminuria.
without renal disease.
In view of these considerations, we examined the rela-
tionship between plasma tHcy concentration and all-causeNon–insulin-dependent diabetes mellitus (NIDDM) is
and cardiovascular mortality in a cohort of 211 patientswell known to be associated with an increased risk of all-
with NIDDM, 105 of whom had microalbuminuria orcause and cardiovascular mortality. We have previously
macroalbuminuria.
Key words: cardiovascular disease, NIDDM, microalbuminuria, mac-
METHODSroalbumnuria.
The study population was based on all (N 5 267) whiteReceived for publication June 18, 1998
NIDDM patients of less than 70 years of age attendingand in revised form August 19, 1998
Accepted for publication August 19, 1998 the Hvido¨re Hospital during the period of November
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Table 1. Clinical data at baseline in 211 non-insulin-dependent assessed by fundus photography after pupillary dilata-
diabetic patients
tion. Body mass index (BMI in kg/m2) was calculated.
Sex M/F 127/84 Present medication and smoking history were recorded.
Age years 58 (23–69)
Current smokers were defined as subjects smoking oneKnown duration of diabetes years 10 (4–34)
Treatment (diet/oral hypoglycemic agent/insulin) % 22/41/37 or more cigarette, cigar, or pipe per day.
Mean (sd) hemoglobin A1c % 8.8 (1.8) The cohort was followed prospectively until January
Mean (sd) BMI kg/m2 28.5 (4.9)
1, 1997, or until death. All patients were traced throughRetinopathy (nil/background/proliferative) % 43/47/10
Normoalbuminuria/microalbuminuria/ 106/61/44 the national register at the beginning of 1997. If a subject
macroalbuminuria N had died before January 1, 1997, the date of death wasAER mg/24 hr 29 (1–4770)
recorded, and information on the cause of death wasSerum creatinine lmol/liter 76 (43–539)
1CCr ml/min 102 (23–248) obtained from death certificates. All death certificates
Mean (sd) systolic BP mm Hg 150 (24)
were reviewed independently by at least two observers,Mean (sd) diastolic BP mm Hg 84 (11)
Hypertension N 113 and the primary cause of death was recorded. Additional
Mean (sd) serum cholesterol mmol/liter 5.8 (1.4) information from postmortem reports was not included.
Mean (sd) serum HDL cholesterol mmol/liter 1.18 (0.40)
Death from cardiovascular disease (ICD codes 410–438)Pre-existing 2CHD N 49
Current smokers N 101 included death from myocardial infarction, cardiac insuf-
Plasma homocysteine lmol/liter 7.0 (2.4–46.7) ficiency, or stroke. Death certificates were unobtainable
Values are medians (ranges) unless stated otherwise. Abbreviations are: BMI, for one patient who died abroad. The observation periodbody mass index; AER, albumin excretion rate; 1CCr, estimated creatinine clear-
ance; BP, blood pressure; HDL, high-density lipoprotein; and 2CHD, coronary was defined as the number of days from the date of
heart disease defined on the basis of electrocardiographic Minnesota scores. examination in 1989 to 1990 to the date of death or
January 1, 1997.
Approval for the study was obtained from the Ethical
Committee of the Copenhagen County.study, 56 patients were excluded due to lack of material
for tHcy concentration determinations. These patients
Laboratory proceduresdid not differ significantly from those included with re-
Peripheral venous blood was collected in the nonfast-gard to demographic and clinical variables (data not
shown). The remaining 211 patients form the cohort of ing state into tubes containing sodium citrate (1:9 vol/
this study. Baseline characteristics of the cohort are vol) kept at room temperature and centrifuged within
shown in Table 1. 60 minutes, which is sufficient to prevent increases in
Non-insulin dependence was defined as follows: treat- plasma tHcy resulting from ex vivo generation of homo-
ment by diet alone or diet combined with oral hypoglyce- cysteine by erythrocytes [18]. The plasma fraction was
mic agents; insulin treatment and diabetes onset after then transferred to plastic vials stored at –808C and as-
the age of 40 years and a body mass index (BMI) above sayed in 1996. Total (free plus protein bound) homocys-
normal (25 kg/m2 or more in women and 27 kg/m2 or more teine levels are stable in serum or plasma stored for 10
in men) at the time of diagnosis; or insulin treatment, years or more [19, 20]. Plasma tHcy was measured in
normal weight, and a glucagon-stimulated C-peptide duplicate as previously described in detail [21]. The intra-
value of 0.60 pmol/ml or more [15]. A glucagon test was assay and interassay coefficients of variation were 2.1%
performed whenever the BMI was less than 25 kg/m2 in and 5.1%. The hemoglobin A1c level (normal range 4.1women and less than 27 kg/m2 in men at the time of
to 6.1%) [22] and serum concentrations of creatinine
diagnosis [16].
[23], total cholesterol [24], and high-density lipoproteinArterial BP was measured twice using the right arm
(HDL) cholesterol [24] were determined.after at least 10 minutes of rest while the patient was
Urine collection was carried out during unrestrictedin the supine position using an automatic oscillometric
daily life activity. If bacterial growth was found, urinemanometer (Takeda Medical UA-751; Takeda, Tokyo,
collection was repeated after treatment. The urinary al-Japan) recording phase I (systolic) and phase V (dia-
bumin concentration was determined by radioimmuno-stolic). Arterial hypertension was defined according to
assay [25], and the albumin excretion rate (AER) wasthe World Health Organization criteria: systolic BP of
calculated. Persistent normoalbuminuria was defined as160 mm Hg or more and/or diastolic BP of 95 mm Hg
AER of less than 30 mg/24 hr, persistent microalbuminu-or more and/or if antihypertensive treatment was being
ria as AER of 30 to 299 mg/24 hr, and persistent macroal-prescribed. A 12-lead resting electrocardiogram was
buminuria as AER of 300 mg/24 hr or more in twocoded using the Minnesota codes [17], and CHD was
out of three consecutive 24-hr collections. Estimation ofdefined as probable myocardial infarction (Minnesota
creatinine clearance (CCr) was done according to thecode 1.1–1.2) or possible myocardial ischemia (Minne-
sota code 1.3, 4.1–4.4, 5.1–5.3, or 7.1). Retinopathy was formula described by Cockcroft and Gault [26].
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Table 2. Plasma homocysteine concentrations according to the level of renal function
Normal Mildly impaired Moderately to severely
renal function renal function impaired renal function
(N 5 163) (N 5 34) (N 5 6)
CCr ml/min $76 51–75 #50
Plasma homocysteine lmol/liter 6.9 (2.4–16.5) 7.7 (3.9–15.1) 13.6 (7.0–46.7)
P value ,0.05a ,0.005a, ,0.05b
Values are medians (ranges). Eight subjects with missing creatinine values were excluded. CCr is the estimated creatinine clearance.
a Versus normal renal function
b Versus mildly impaired renal function
Statistical methods Plasma tHcy level was significantly associated with
male gender (P , 0.01), serum creatinine (P , 0.001),Values are given as mean and sd and median and
CCr (inversely; P , 0.001; Table 2), log10 AER (P ,range. Linear regression analyses were used to examine
0.001), systolic BP (P , 0.01), diastolic BP (P , 0.01),the relation between tHcy level and other variables. The
pre-existing CHD (median, 7.8 mmol/liter in subjectsKruskal–Wallis test was used to compare tHcy levels
with vs. 6.9 mmol/liter in those without CHD; P , 0.01),when patients were grouped according to level of renal
and serum HDL cholesterol (inversely; P , 0.05). Theimpairment. All tests were two sided.
plasma tHcy level was not significantly related to age,The survival data were analyzed using statistical meth-
smoking, serum cholesterol, hemoglobin A1c, BMI, orods for censored failure times [27, 28]. The cumulative
duration of diabetes.all-cause and cardiovascular mortality hazards were eval-
uated for tertiles of tHcy by the Nelson-Aalen estimate
Effect of tHcy and other selected baseline variables
and were compared using the log-rank test [27]. Cox
on all-cause and cardiovascular mortality
proportional hazards multiple regression analyses [27,
The median follow-up period was 6.4 (range 0.2 to28] were performed to examine the baseline variables
7.1) years. At the end of follow-up, 49 of the 211 (23%)predictive of all-cause and cardiovascular mortality. The
patients had died, 30 (61%) from cardiovascular diseasemodels used included those baseline variables that were
(myocardial infarction, N 5 9; congestive heart failure,a priori considered to be potentially important predictors
N 5 16; and stroke N 5 5), 4 from end-stage renal disease,of all-cause and cardiovascular mortality: sex, age, known
2 from infections, 3 from cancer, 5 from other causes,duration of diabetes, BMI, tHcy, serum creatinine, smok-
and 5 from unknown causes. The all-cause mortality rateing, serum cholesterol and HDL-cholesterol, hemoglo-
per 100 person years was 3.9. Per 100 person years ofbin A1c, systolic and diastolic BP, CCr, pre-existing CHD,
observation, the mortality rate was 1.4 in patients withand AER, and stepwise backward selection was used.
a normal AER, 4.4 in patients with microalbuminuria,Results are described as relative risk (hazard ratio). AER
and 11.5 in patients with macroalbuminuria (normoalbu-was logarithmically transformed (log10) owing to the
minuria vs. microalbuminuria P , 0.01; normoalbumin-skewed distribution. Relative risk thus corresponds to a
uria vs. macroalbuminuria P , 0.001; microalbuminuriatenfold increase in AER. Univariate results were calcu-
vs. macroalbuminuria P , 0.01); 2.5 in patients withoutlated for continuous and class variables. Possible interac-
and 9.2 in patients with pre-existing CHD (P , 0.001);tions between tHcy and sex, and smoking and systolic
3.2, 6.5, and 20.0 in patients with normal (CCr $ 76 ml/or diastolic BP were examined by including products of
min), mildly impaired (CCr 51 to 75 ml/min), and moder-the corresponding original variables as covariates in the
ately to severely impaired (CCr # 50 ml/min) renal func-multiple regression analysis for all-cause mortality. Con-
tion, respectively (normal vs. mildly impaired, P , 0.05;fidence intervals (CI) were based on the normal approxi-
normal vs. moderate to severely impaired, P , 0.001;mation on the logarithmic scale.
mildly vs. moderately to severely impaired, P , 0.05);
and 2.2, 2.4, and 7.7 in patients in the lowest (tHcy #
RESULTS 6.1 mmol/liter), middle (tHcy 6.2 to 8.1 mmol/liter), and
Homocysteine highest (tHcy $ 8.2 mmol/liter) tertile of tHcy (low vs.
middle, P 5 0.88; low vs. high, P , 0.001; middle vs. high,The median tHcy level at baseline was 7.0 (range 2.4
P , 0.001). Figure 1 indicates the relative importanceto 46.7; second highest value, 17.4) mmol/liter (Table 1).
of tertiles of tHcy levels for the cumulative all-causeThe prevalence of hyperhomocysteinemia, based on cut-
mortality hazard. The six-year cumulative all-cause mor-off points equal to or above 12, 15, 16, 17, and 18 mmol/
tality hazard was 44%, 14%, and 15% in the high, theliter, was 7.6% (95% CI 4.4% to 12.0%), 2.8% (1.0%
middle, and the low tertile of tHcy levels, respectivelyto 6.1%), 1.4% (0.3% to 4.1%), 1.0% (0.1% to 3.4%),
and 0.5% (0.0% to 2.6%), respectively. (P , 0.001, high vs. middle; P , 0.001, high vs. low; and
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Fig. 1. Cumulative all-cause mortality hazard according to tertiles of Fig. 2. Cumulative cardiovascular mortality hazard according to ter-
tiles of plasma total homocysteine levels and according to duration ofplasma total homocysteine levels and according to duration of follow-
up in 211 non-insulin-dependent diabetic patients. Lines are: ( ——, N follow-up in 211 non-insulin-dependent diabetic patients. Lines are:
( ——, N 5 72) low, homocysteine # 6.1 mmol/liter; ( – – –, N 5 69)5 72) low, homocysteine # 6.1 mmol/liter; (–––, N 5 69) middle,
homocysteine 6.2 to 8.1 mmol/liter; (–-–-, N 5 70) high, homocysteine middle, homocysteine 6.2 to 8.1 mmol/liter; ( – - – -, N 5 70) high, homo-
cysteine $ 8.2 mmol/liter. P 5 0.91, low vs. middle; P , 0.02, low vs.$ 8.2 mmol/liter. P 5 0.88, low vs. middle; P , 0.001, low vs. high; and
P , 0.001, middle vs. high. high; P , 0.05, middle vs. high.
Table 3. Relative risk of death for non-insulin-dependent diabetic
P 5 0.88, middle vs. low). Figure 2 indicates the relative patients by univariate Cox regression analysis
importance of tertiles of tHcy levels for the cumulative
95%
cardiovascular mortality hazard. The six-year cumulative Relative Confidence
Variable risk interval P valuecardiovascular mortality hazard was 24%, 9%, and 11%
in the high, the middle, and the low tertile of tHcy levels, Sex female 0.84 0.47–1.50 0.55
Age 1 year 1.08 1.04–1.13 , 0.001respectively (P , 0.05, high vs. middle; P , 0.02 high
Known duration of diabetes 1 year 1.03 0.99–1.07 0.10vs. low; and P 5 0.91, middle vs. low). Treatment
Diet alone 1.00 — —
Cox survival analyses Oral hypoglycemic agent(s) 4.22 1.25–14.17 , 0.001
Insulin 6.40 1.93–21.25 , 0.001
In univariate Cox regression analysis, age, treatment Hemoglobin A1c 1% 1.19 1.02–1.38 , 0.05
Body mass index 1 kg/m2 1.03 0.97–1.08 0.38with oral hypoglycemic agents or insulin, hemoglobin
Retinopathy (any) 1.93 1.03–3.61 , 0.05A1c level, presence of retinopathy, presence of microal- Albuminuria
buminuria or macroalbuminuria, log10 AER, serum cre- Normoalbuminuria 1.00 — —
Microalbuminuria 3.25 1.44–7.36 , 0.001atinine level, CCr, systolic BP, pre-existing CHD, and
Macroalbuminuria 8.92 4.14–19.23 , 0.001plasma tHcy level were associated with a risk of death
Log10 AER (factor 10) 2.57 1.85–3.55 , 0.001
(Table 3). Plasma tHcy was a significant predictor of all- Serum creatinine 1 lmol/liter 1.009 1.006–1.012 , 0.001
CCr 1 ml/min 0.975 0.964–0.985 , 0.001cause and cardiovascular mortality in univariate and in
Systolic BP 1 mm Hg 1.016 1.004–1.027 , 0.01age-adjusted Cox regression analyses (Table 4). Diastolic BP 1 mm Hg 1.005 0.979–1.032 0.72
Backward stepwise Cox multiple regression analysis Serum cholesterol 1 mmol /liter 1.08 0.89–1.31 0.42
Serum HDL cholesterol 1 mmol /liter 0.65 0.30–1.43 0.28indicated that tHcy level, log10 AER, age, and pre-existing
Pre-existing coronary heart disease 3.80 2.15–6.70 , 0.001CHD were significantly and independently associated Current smokers 0.97 0.55–1.70 0.92
with all-cause mortality (Table 5). Possible predictors of Plasma homocystein 1 lmol /liter 1.11 1.08–1.15 , 0.001
cardiovascular mortality were also examined in stepwise Abbreviations are: AER, albumin excretion rate; CCr, estimated creatinine
clearance; BP, blood pressure; and HDL, high-density lipoprotein.Cox multiple regression analysis. Pre-existing CHD, log10
AER, and age were significantly associated with cardio-
vascular mortality (Table 6). Plasma tHcy level did not
appear as a significant predictor of cardiovascular mor- isting CHD, CCr and serum creatinine may lead to over-
tality independent of other predictors (Tables 4 and 6). adjustment if pre-existent CHD is an intermediary link-
When tHcy was forced into the model, the relative risk ing tHcy to cardiovascular death, or if CCr and serum
(per 1 mmol/liter) was 1.00 (0.88 to 1.13). Adjusting the creatinine are closely linked to tHcy. We therefore re-
peated the Cox multiple regression analysis withouteffect of tHcy on cardiovascular mortality for pre-ex-
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Table 4. Plasma total homocysteine concentration and mortality in non-insulin-dependent diabetic patientsa
Univariate Age-adjusted Multivariate adjustedb
All-cause mortality 1.11 (1.08–1.15), P , 0.0001 1.13 (1.09–1.18), P , 0.0001 1.09 (1.03–1.14), P , 0.001
Cardiovascular mortality 1.09 (1.03–1.16), P , 0.01 1.10 (1.02–1.19), P , 0.01 1.00 (0.88–1.13), P 5 0.97
a Data are expressed as relative risks and 95% confidence intervals per 1 mmol/liter plasma homocysteine derived from Cox-regression analysis
b Adjusted for age, sex, body mass index, duration of diabetes, serum creatinine, CCr, log10 albumin excretion rate, serum cholesterol, serum HDL cholesterol,
hemoglobin A1c, systolic and diastolic BP, pre-existing coronary heart disease, and smoking.
Table 6. Predictors of cardiovascular mortality in non-insulin-Table 5. Predictors of all-cause mortality in non-insulin-dependent
diabetic patients by means of the Cox multiple regression analysis dependent diabetic patients by means of the Cox multiple
regression analysis
95%
Relative Confidence 95%
Relative ConfidenceVariable risk interval P value
Variable risk interval P value
Pre-existing coronary heart
disease (0 5 no; 1 5 yes) 1.98 1.09–3.61 , 0.05 Pre-existing coronary heart
disease (0 5 no; 1 5 yes) 3.89 1.78–8.53 , 0.001Log10 albumin excretion rate
(factor 10)a 1.89 1.31–2.74 , 0.001 Log10 albumin excretion rate
(factor 10)a 2.28 1.43–3.62 , 0.001Plasma homocysteine
1 lmol/liter 1.09 1.03–1.14 , 0.001 Age 1 year 1.08 1.02–1.15 , 0.02
Age 1 year 1.08 1.03–1.13 , 0.001 a Relative risk corresponds to 10-fold increase in albumin excretion rate; one
subject with missing values was excludeda Relative risk corresponds to 10-fold increase in albumin excretion rate; one
subject with missing values was excluded
these covariates. For tHcy, the results were similar to and the six-year cumulative mortality was 23%. Our
those with the initial model (relative risk per 1 mmol/ population is thus representative of high-risk NIDDM
liter, 1.03; range 0.93 to 1.14). Changing the definition patients. Importantly, the association of tHcy with all-
of cardiovascular mortality to include patients who died cause mortality was independent of the presence of mi-
of unclear causes (N 5 5) also gave similar results (data croalbuminuria or macroalbuminuria and pre-existent
not shown). In these analyses, the main variables respon- CHD, and also of other risk factors, such as age, de-
sible for removing the effect of tHcy were log10 AER creased CCr, and hemoglobin A1c concentration. Prospec-
and (but less so) pre-existing CHD. tive data on tHcy in patients with diabetes or renal dis-
There was no evidence of interaction of tHcy with sex, ease are limited. Three recent studies showed that
smoking, or systolic or diastolic BP for either all-cause hyperhomocysteinemia predicted an adverse cardiovas-
or cardiovascular mortality (data not shown). cular prognosis in (mainly nondiabetic) patients with
end-stage renal disease [12, 13] or with severely impaired
renal function [14]. One population-based study with aDISCUSSION
five-year follow-up indicated that hyperhomocysteine-This prospective study, based on a cohort of 211
mia may be an especially strong risk factor for all-causeNIDDM patients recruited during 1989 to 1990, shows
mortality in NIDDM patients (relative risk for serumthat the plasma tHcy concentration is a significant pre-
tHcy more than 14 mmol/liter was 2.51) as compareddictor of six-year all-cause mortality risk, both in patients
with nondiabetic subjects (relative risk, 1.34) [32]. Takenwith normoalbuminuria and in those with microalbumin-
together, these data suggest that hyperhomocysteinemiauria or macroalbuminuria. For a 5 mmol/liter tHcy increase
is an important risk factor in NIDDM patients with and(approximately 1 sd in most populations) [4], the mortal-
without albuminuria.ity risk increased by 54%. Plasma tHcy was thus a strong
Hyperhomocysteinemia is thought to increase the riskpredictor of an adverse prognosis in this population.
of atherothrombotic disease directly by impairing endo-Many [5, 6, 8, 29], but not all [19, 30, 31], of the
thelial function, stimulating vascular smooth muscle cellprevious prospective studies in nondiabetic populations
proliferation, and altering extracellular matrix proper-found high plasma or serum tHcy to increase the risk of
ties, and also possibly indirectly because hyperhomocys-cardiovascular disease or mortality. The predictive value
teinemia may reflect an inefficiency of intracellular meth-of hyperhomocysteinemia may thus differ among popula-
ylation reactions, which may predispose the patient totions and needs to be examined in specific patient groups.
vascular disease [33–35]. Indeed, hyperhomocysteine-We studied middle-aged white NIDDM patients and
mia, possibly through similar mechanisms, may contrib-found that 50% had microalbuminuria or macroalbumin-
uria, 19% had decreased CCr, 23% had pre-existing CHD, ute to the development of microalbuminuria in diabetic
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and nondiabetic subjects [36]. In the general population, with impaired renal function, respectively, treatment
with vitamin B12 [41] and with vitamin B6 [42] may alsoinadequate plasma concentrations of folate, vitamin B12
and vitamin B6, and the C677T polymorphism of the be useful. The impact of such treatments on the generally
poor prognosis of NIDDM patients, especially those withmethylenetetrahydrofolate reductase gene are important
contributors to increased tHcy concentrations [34]. The albuminuria [1], requires urgent assessment.
NIDDM state per se does not appear to affect tHcy
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The median plasma tHcy concentration in this study
APPENDIXpopulation (7.0 mmol/liter) was relatively low. By com-
parison, in a Dutch population-based study, the median Abbreviations used in this article are: AER, albumin excretion rate;
BMI, body mass index; BP, blood pressure; CCr, creatinine clearance;serum tHcy in NIDDM patients was 11.2 mmol/liter [10].
CHD, coronary heart disease; CI, confidence interval; HDL, high-
The cause of such differences is unclear, but tHcy con- density lipoprotein; NIDDM, non–insulin-dependent diabetes mellitus.
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[19]. The relationship between tHcy and mortality may REFERENCES
be strongest when tHcy is above 15 mmol/liter [8], and
1. Gall MA, Borch-Johnsen K, Hougaard P, Nielsen FS, Parving
it is therefore of interest that the mortality risk in this HH: Albuminuria and poor glycemic control predict mortality in
non-insulin-dependent diabetes mellitus. Diabetes 44:1301–1309,study started to rise at much lower tHcy levels.
1995
2. McCully KS: Vascular pathology of homocysteinemia: Implica-Study limitations
tions for the pathogenesis of arteriosclerosis. Am J Pathol 56:111–
128, 1969This study lacked information on homocysteine levels
3. Wilcken DEL, Wilcken B: The pathogenesis of coronary arteryafter methionine loading and on B-vitamin status and
disease: A possible role for methionine metabolism. J Clin Invest
other determinants of plasma tHcy concentrations. How- 57:211–215, 1976
4. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG: Aever, this does not detract from our main finding, that
quantitative assessment of plasma homocysteine as a risk factoris, the impact of basal plasma tHcy on prognosis. It was
for vascular disease. JAMA 274:1049–1057, 1995
somewhat unexpected that the relationship between 5. Perry IJ, Refsum H, Morris RW, Ebrahim SB, Ueland PM,
Shaper AG: Prospective study of serum homocysteine concentra-tHcy and cardiovascular mortality was not significant
tion and risk of stroke in middle-aged British men. Lancetafter multivariate adjustment. We believe it likely that
346:1395–1398, 1995
the difference between the association of tHcy with all- 6. Arnesen E, Refsum H, Bonaa KH, Ueland PM, Forde OH,
Nordrehaug JE: Serum total homocysteine and coronary heartcause versus that with cardiovascular mortality can be
disease. Int J Epidemiol 24:704–709, 1995explained by three factors. First, the lower number of
7. Graham IM, Daly LE, Refsum HM, Robinson K, Brattstro¨m
cases of cardiovascular versus all-cause mortality will LE, Ueland PM, Palma-Reis RJ, Boers GHJ, Sheahan RG,
Israelsson B, Uiterwaal CS, Meleady R, McMaster D, Verhoefgive a less precise estimate, that is, a wider confidence
P, Witteman J, Rubba P, Bellet H, Wautrecht JC, de Valkinterval. Second, the cause of death was obtained from
HW, Sales Luis AC, Parrot-Roulaud FM, Soon Tan K, Higgins
death certificates, which is sensitive to misclassification. I, Garcon D, Medrano MJ, Candito M: Plasma homocysteine as
a risk factor for vascular disease. JAMA 277:1775–1781, 1997Nondifferential misclassification of the cause of death
8. Nyga˚rd O, Nordrehaug JE, Refsum H, Ueland PM, Farstadwill weaken any true associations that might exist. Fi-
M, Vollset SE: Plasma homocysteine levels and mortality in pa-
nally, inclusion of pre-existent CHD and CCr into the tients with coronary artery disease. N Engl J Med 337:230–236,
1997model may, to some extent, lead to overadjustment (Re-
9. Bostom AG, Lathrop AG: Hyperhomocysteinemia in end-stagesults). However, we cannot exclude that tHcy concentra-
renal disease: Prevalence, etiology, and potential relationship to
tion is related to noncardiovascular death. For example, arteriosclerotic outcomes. Kidney Int 52:10–20, 1997
10. Hoogeveen EK, Kostense PJ, Beks PJ, Mackaay AJC, Jakobsa high tHcy level may be a marker of a low folate status,
C, Bouter LM, Heine RJ, Stehouwer CDA: Hyperhomocysteine-which has been linked to the development of cancer [39].
mia is associated with an increased risk of cardiovascular disease,
We conclude that plasma tHcy concentration is a especially in non-insulin-dependent diabetes mellitus: A popula-
tion-based study. Arterioscler Thromb Vasc Biol 18:133–138, 1998strong prognostic factor in NIDDM patients with and
11. Arnadottir M, Hultberg B, Nilsson-Ehle P, Thysell H: Thewithout albuminuria. Plasma tHcy can be lowered sub-
effect of reduced glomerular filtration rate on plasma total homo-
stantially by folic acid supplementation [40]. In addition, cysteine concentration. Scand J Clin Lab Invest 56:41–46, 1996
12. Bostom AG, Shemin D, Verhoef P, Nadeau MR, Jacques PF,some data suggest that in diabetic patients and in patients
Stehouwer et al: Homocysteine, albuminuria, and mortality in diabetes314
Selhub J, Dworkin L, Rosenberg IH: Elevated fasting total 27. Andersen PK, Borgan Ø, Gill R, Keiding N: Statistical Models
Based on Counting Processes. New York, Springer, 1993plasma homocysteine levels and cardiovascular disease outcomes
in maintenance dialysis patients: A prospective study. Arterioscler 28. Cox DR: Regression models and life tables. J R Stat Soc B 34:187–
220, 1972Thromb Vasc Biol 17:2554–2558, 1997
13. Moustapha A, Naso A, Nahlawi M, Gupta A, Arheart KL, 29. Stampfer MJ, Malinow MR, Willett WC, Newcomer LM, Upson
B, Ullmann D, Tishler PV, Hennekens CH: A prospective studyJacobsen DW, Robinson K, Dennis VW: Prospective study of
hyperhomocysteinemia as an adverse cardiovascular risk factor in of plasma homocyst(e)ine and risk of myocardial infarction in US
physicians. JAMA 268:877–881, 1992end-stage renal disease. Circulation 97:138–141, 1998
14. Jungers P, Chauveau P, Bandin O, Chadefaux B, Aupetit J, 30. Verhoef P, Hennekens CH, Malinow MR, Kok FJ, Willett WC,
Stampfer MJ: A prospective study of plasma homocyst(e)ine andLabrunie M, Deschamps-Latscha B, Kamoun P: Hyperhomocys-
teinemia is associated with atherosclerotic occlusive arterial acci- risk of ischemic stroke. Stroke 25:1924–1930, 1994
31. Evans RW, Shaten BJ, Hempel JD, Cutler JA, Kuller LH,dents in predialysis chronic renal failure patients. Miner Electrolyte
Metab 23:170–173, 1997 for the MRFIT Research Group: Homocyst(e)ine and risk of
cardiovascular disease in the Multiple Risk Factor Intervention15. Hother-Nielsen O, Faber O, Sørensen NS, Beck-Nielsen H:
Classification of newly diagnosed diabetic patients as insulin-requir- Trial. Arterioscler Thromb Vasc Biol 17:1947–1953, 1997
32. Hoogeveen EK, Kostense PJ, Heine RJ, de Vegt F, Jakobs C,ing or non-insulin-requiring based on clinical and biochemical vari-
ables. Diabetes Care 11:531–537, 1988 Dekker JM, Nijpels G, Bouter LM, Stehouwer CDA: Hyperho-
mocysteinaemia increases risk of 5-year mortality, especially in16. Faber OK, Binder C: C-peptide response to glucagon: A test for
the residual b-cell function in diabetes mellitus. Diabetes 26:605– diabetes: The Hoorn Study. (abstract) Diabetologia 41(Suppl
1):A119, 1998610, 1977
17. Blackburn H, Keys A, Simonsen E, Rautaharju P, Punsar S: The 33. Perna AF, Ingrosso D, Galletti P, Zappia V, De Santo NG:
Membrane protein damage and methylation reactions in chronicelectrocardiogram in population studies: A classification system.
Circulation 21:1160–1175, 1960 renal failure. Kidney Int 50:358–366, 1996
34. Welch GN, Loscalzo J: Mechanisms of disease: Homocysteine18. Ueland PM, Refsum H, Stabler SP, Malinow MR, Andersson
A, Allen RH: Total homocysteine in plasma or serum: Methods and atherothrombosis. N Engl J Med 338:1042–1050, 1998
35. Stehouwer CDA, Jakobs C: Abnormalities of vascular functionand clinical applications. Clin Chem 39:1764–1779, 1993
19. Alfthan G, Pekkanen J, Jauhiainen M, Pitka¨niemi J, Karvonen in hyperhomocysteinaemia: Relationship to atherothrombotic dis-
ease. Eur J Pediatr 157(Suppl 2):S107–S111, 1998M, Tuomilehto J, Salonen JT, Ehnholm C: Relation of serum
homocysteine and lipoprotein(a) concentrations to atherosclerotic 36. Hoogeveen EK, Kostense PJ, Jager A, Heine RJ, Jakobs C,
Bouter LM, Donker AJM, Stehouwer CDA: Serum homocys-disease in a prospective Finnish population based study. Athero-
sclerosis 106:9–19, 1994 teine level and protein intake are related to risk of microalbuminu-
ria: The Hoorn Study. Kidney Int 54:203–209, 199820. Savage DG, Lindenbaum J, Stabler SP, Allen RH: Sensitivity
of serum methylmalonic acid and total homocysteine determina- 37. Guttormsen AB, Ueland PM, Svarstad E, Refsum H: Kinetic
basis of hyperhomocysteinemia in patients with chronic renal fail-tions for diagnosing cobalamin and folate deficiencies. Am J Med
96:239–246, 1994 ure. Kidney Int 52:495–502, 1997
38. van Guldener C, Donker AJM, Jakobs C, Teerlink T, de Meer21. te Poele-Pothoff MTWB, van den Berg M, Franken DG, Boers
GHJ, Jakobs C, de Kroon IFI, Eskes TABK, Trijbels JMF, Blom K, Stehouwer CDA: No net renal extraction of homocysteine in
fasting humans. Kidney Int 54:166–169, 1998HJ: Three different methods for the determination of total homo-
cysteine in plasma. Ann Clin Biochem 32:218–220, 1995 39. Stampfer MJ, Willett WC: Homocysteine and marginal vitamin
intake. JAMA 270:2726–2727, 199322. Mortensen HB: Quantitative determination of hemoglobin A1c
by thinlayer isoelectric focusing. J Chromatogr 182:325–333, 1980 40. Homocysteine Lowering Trialists’ Collaboration: Lowering
blood homocysteine with folic acid based supplements: Meta-anal-23. Ullmann R, Bonitz K: Vollmechanisierte kinetische messung von
kreatinin. Med Lab 29:137–145, 1976 ysis of randomised trials. BMJ 316:894–898, 1998
41. Araki A, Sako Y, Ito H: Plasma homocysteine concentrations in24. Kattermann R, Jaworek D, Mo¨ller G: Multicenter study of a
new enzymatic method of cholesterol determination. J Clin Chem Japanese patients with non-insulin-dependent diabetes mellitus:
Effect of parenteral methylcobalamin treatment. AtherosclerosisClin Biochem 22:245–251, 1984
25. Christensen C, Ørskov C: Rapid screening PEG radioimmunoas- 103:149–157, 1993
42. Bostom AG, Gohh RY, Beaulieu AJ, Nadeau MR, Hume AL,say for quantification of pathological microalbuminuria. Diabet
Nephropathy 3:92–94, 1984 Jacques PF, Selhub J, Rosenberg IH: Treatment of hyperhomo-
cysteinemia in renal transplant recipients: A randomized, placebo-26. Cockcroft DW, Gault MH: Prediction of creatinine clearance
from serum creatinine. Nephron 16:31–41, 1976 controlled trial. Ann Intern Med 127:1089–1092, 1997
